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Figure 1. Over view of various levels of a potato starch granule organization. Amylose and amylopectin are two
components of starch granules

@3dae slap bl glls 355 L 5T ol 51 50 ()
Fr b Gl o 5 ol sluiby SO e &S ey
R N N VY P P B
SR Fa o el DL byl
b s el Sosss BB Ll s o sl el
0 e S slie S Wl O (gile b sl
5 SHl e ki glerd = 5058 Sl yast
P S5 Gl iy pd e |y BLaS LB
Sl 03 5 S8 Lo & KI5 wdige g0l 5l ealinad
Gloper ola atalds s (S8 5l 5lexy b
53 Ll 68 das o OLES sdate Slighos I Jool il
CSlie by 0lalS catly S L 5 el sl 1
s Lk e ale 3 e e 3T (o3L5 Bl
T Sose Al a b s gladily sy (S
055 4 (GLe-6-P) wliwd —1- 35,08 Jlasl (V)

sl

S el ol allis 5550 53 g LB sl 5SS
5 oskel om0 ek LSS s
35 0 pbard = (s Slo s 555 Sy skl
e gl 3l ol J:SU ol sxee Solae g0
Van Der Leij et al., ) g Jl s L oS glaaalis
kel e 53 S5 ki slaias L L5 (1991
L 5 (Visser et al., 1991) ol ol bl i La0]
el ol LS5 S hal 5SS Wl g sl
Sl s Y5 A O a3 sSKes Sl
Area Slite

Slosds slpldl s wwldl me K&
(awlis 2w g)

el b e il bl e o 5 4
ale 3B ) Oldeddls bl s 55 S5 cla
s o 53 Ly gdad)l ol bl
Les axalis ol 5o s b sl s 0 aoalid s 5
Ll el o aitle S5 60 4 posipe g3 S

) Bl s OF sy 53 godais slage


http://dx.doi.org/10.29252/pgr.1.2.1
https://dorl.net/dor/20.1001.1.23831367.1393.1.2.1.8
https://pgr.lu.ac.ir/article-1-31-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-05-04 ]

[ DOR: 20.1001.1.23831367.1393.1.2.1.8 ]

[ DOI: 10.29252/pgr.1.2.1]

355, O s

Glo 23 s i )3 (SG 4 3 pd e 03 55l
S 5 3 (B garalis e 53 5505 5 (GBSSI)
S Sy e Ol S ls s (GBSSID
Sl skl e s olasl cJ T
sl gdalss a5 ae e (Kuipers et al., 1994)
Sl s > 5 oSkl ese 50 sl
Baba et al., 1987; Denyer et al., 1996; Denyer et )
.(al., 2001; van de Wal et al., 1998

Ll oot gk kel s wiS &S g sboles
—ala bl Gl el Jals el K S el
O(\=8) o glae iy (55, » a(V-1) Ll gla
4 e Al sy ol s L“ri)j 68 05 S
Jsdr) Klcsy me (SBES) arwlis jluasls §uﬁ;1
a(-8) godd ale lao oy 51 Lo 3T cpl ()
3 ey pl wlad b 503 S eolinal esls Ly Olgsay
e Jhate wa a sla SIS 51l S (o iy il
Gl K K 4 a0=1) Gk gy sbwl L 1 WOl
K5 LS ol (V=8) ot slae s 55 (Sl
Slpssnl bl s ghels gzl 0
2348 S5 IS ladsls sl Ll aS i (gadaze
5500 dsde) dls G ea b ckias e 13 L
& o gmsn Sban Bl Cld gamt 53 S kel caalsl
Cls s 5 (EC 24.1.4.1) wulss glsjasls
JSo 0 (EC 2.4.1.25; Dbe) a5l 51 s > 5
S o Iy 5 pad il glaals s b S

W8y JSo s el d gene el

ol 5 a3, Cens S pon analid 4SOl s L
Ol Lol (ol gmis 5 olde siaze glas S (gl
2bes @he mbe S Sl sy Slaiie S
Skl 5 SIS Sloyas S n oy by mbe
5 ¢ glaanalis > (Retrogradation) SSaisly ab
080 Js a4 Olade U ol ol o o3 550 Lo
il oS sl il analiSs Colie iS5l sl

cJu’j,.iL;a ol Q)\Jo- i o> C)L.;SJJ Lg. 9

OLLS 3 ek sw M5 5 il o gu (59w

-\- S48 ;I (ADP-GLC) S48 — ADP sz (Y)
(GLc-1-P) lavs

Slapm 1 SaS 4 S48 ADP 1wl s (V)
anlis (go S s

Gl Bl oS w5 il S3L Sl sl Gl s
L i s Lo PR
bog by oedd Jame LSSy o b dshe =05 5
Sy eSS 5555 5SS 4 sl 5l
35 UGl o3 o o ¥ JSE 5 &S (55 5k 0kes
EC24.1.13;) sk 5,5l w31 low s 5,500 o8 503
b5 SAS-UDP 55855 4 g st > (SUSY
UGPase v 31 Lo si S JS—UDP cday i o 3 1555
L3 cpl caalsl 3 0 e bad Slis V=SS o
SIS sas gl 53wl ey Sy
Sl =58 & e sz (EC 2.7.5.1 Pgm)
2 N s i ol O sl ol U as S e b
Sland NS s s Db e s S
I 4 ey ol s 3 et g U bu g
Ly Taay &S (Kammerer et al., 1998) > 55 o suiS
Sl V5SS gy U SIS s ]
LS alis =l gard o Ol ass e bAs
SHA-ADP b Als s ad 4 Slas)- SIS
(EC 27727, duysiud 5,0 SJS-ADP Loy
.(Tauberger et al., 2000) ... AGPase)

(EC Sliw golil o @0 p 3o sl 5l walsl s
— ADP Olastle 5 34450 55,08 2.4.1.21; SSs)
S sl Shals slesl a1y OF 5 asils 5 S8
gl S e e OIS a(-8) o o)
Ul 5l aS Wl plulis Lag 5T pl 51 (gdae
Lols G K ea b S8 Gladsly sl JUs!
Los el b Jsloms 56 53 68 bl ool O o)
Cdled oSkl 5 Sskel s S Olejan cditen
ol sy 53 age Sl T 5SSl

L JSe 50 4 5T cnl ol GBSS 5T 4 psess


http://dx.doi.org/10.29252/pgr.1.2.1
https://dorl.net/dor/20.1001.1.23831367.1393.1.2.1.8
https://pgr.lu.ac.ir/article-1-31-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-05-04 ]

[ DOR: 20.1001.1.23831367.1393.1.2.1.8 ]

[ DOI: 10.29252/pgr.1.2.1]

Voled /) A/ a8 S35 sla fagh

o gy ol e 0o el sl sleldny Olails
ol 6L s plesd S b oanlis gl
R 6‘}”. Oﬁaﬂ)&ﬁ}ﬁ L;wsj).l:.a P O):-wf ”_‘
Jl oJ.J;a.-‘j:A.J.SJ'\ J@W—ﬁjg Sl guat

.M}\))}ﬁ-ﬁ

Gy opl sl oy (leE 0L sl
S e D3 Sl S das e Fy s
Gl 0Lz 52 el analls Jls 5 kel
JoS5 5 skeal IS 505 Sl S8 a5 500 L
i s il O (sledoy o daly 5
235 M sl 5o s slay sl S il (g5l
Singh et al,, ) cwladl (gope uis 5 sld olg

.(2004

Q Sucrose { Sucrose ‘
Suc Suc

Sucrose ’

3 rl—wj

Cytosol Sucrose

(/J\\‘
y
Glucose-1-phosphate

)
vi

Glucose-6-phosphate

UDP-Glucose + Fructose

?

Amyloplast

A N
Glucose-6-phosphate _( P Glucose-1-phosphate -( > ADP-Glucose

=

p

-

£
3
/ < <
ﬁgtm\) E
©
\grandis”/ \2
z <
<

NS

o //

UJJ}Lbﬁwébﬁfi)‘&ﬁfbj‘tw‘d‘f W)Wéo&)smmwﬁw&ﬁjw—“ Jg.&

S anrl o) St 4 (AG) Y S5

Figure 2. Starch biosynthetic pathway in potato tuber. For more information about enzymes (A-G) involved in
the pathway, see table 1
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Table 1. Summary of different genes involved in biosynthesis of potato tuber starch
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Figure 3. An illustration of various starch-binding domains architecture. Various SBDs are classified in different
groups according to their amino acid sequence similarities deposited in Cazy database. Conserved Domain
Database (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) was use to draw the figure
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Figure 4. Scanning electron microscopy (SEM) analysis of starch granules. A) A non-transgenic starch granule;
B) A transgenic starch granule expressing E.coli glycogen branching enzyme (glgB)
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Abstract

Starch, a complex carbohydrate, is a polymer of glucose residues. It occurs in two main forms:
amylose, consisting of predominantly linear chains of glucose units linked by a(1-4) glycosidic bonds,
and amylopectin, in which the chains are highly branched by the addition of a(1-6) glycosidic bonds.
Depending upon the plant species and the site of storage, the proportion between these two
components varies. In most plant species, amylose comprises about 20% of the starch and the rest is
amylopectin. Although in its native form it has some applications in food and non-food industries, the
properties of currently available starches (native starch) do not comply with most industrial standard
and enhanced commercial applications. To obtain starches with particular properties such as starches
with lower retrogradation and more freeze-thaw stability, starch is often chemically modified.
Manipulation of the starch structure with chemical reactions or additives will eventually impart certain
properties which are desired for industrial uses. Techniques including cross-linking (to strengthen
against shear) or acetylation (to reduce the retrogradation) are the most common starch modifications.
The use of chemicals, however, may not only cause concern over health and safety, but there is also a
cost involved with the chemical modification. Knocking out/ over expression of genes involved in
starch biosynthesis, has resulted to alteration of starch physic-chemical properties. Production of
biopolymers consisting of glucose residues linked by a(1-3) and a(1-6) or an alternatives [(a(1-3,6),
a(1-4,6)] of these linkages, are among hot topics in polysaccharides research fields.
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